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ABSTRACT 
Ootsa Lake is part of a 48-year-old northwestern British Columbia reservoir (Nechako 
Reservoir) that contains extensive amounts of flooded forests. Recently, logging 
companies have begun harvesting this standing underwater timber because of its 
potential as an alternative fibre source. This project was initiated because of the 
general lack of information on fishes in the reservoir and because the potential impact 
of submerged timber removal on the fish community had not previously been explored. 
Catches with experimental gill nets and live traps were monitored between July 7 and 
October 22, 1998 to estimate the abundance, diversity, size, and condition of fishes in 
Ootsa Lake. Catch per unit effort (CPUE) was quantified and ranked to evaluate the 
impact of submerged timber harvesting on the abundance of the dominant fish species. 
Mean ranks were compared across species; across three near-shore habitats with 
different levels of structural heterogeneity (treed, harvested, or open); and across the 
summer and fall seasons. Shannon-Wiener diversity indices were calculated and 
compared across habitats. Size and condition of the main fish species were compared 
across habitats. 
Fish abundance was positively associated with habitat structural complexity. Overall 
abundance was highest in the treed habitat. In the summer, rainbow trout 
(Oncorhynchus mykiss) abundance was highest in the treed habitat whereas northern 
pikeminnow (Pfychochei/us oregonensis) were abundant in both treed and harvested 
habitats. Rainbow trout and northern pikeminnow abundance in near-shore areas 
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decreased in the fall, but numbers of kokanee (Oncorhynchus nerka) increased. 
Shannon-Wiener diversity indices did not differ significantly among habitats overall, but 
in the summer the index was significantly higher in the open than the treed and 
harvested habitats, whereas it was significantly lower in the fall. Sizes of rainbow trout, 
kokanee, and northern pikeminnow were related to habitat structural complexity with 
the smallest fish occupying the treed habitat and the largest rainbow trout and northern 
pikeminnow occurring in the open habitat. Fulton's condition factor was not consistently 
related to habitat structural complexity but differed among sites within habitat. Kokanee 
were found to be exceptionally small (mean fork length = 180 mm ± 0.95) with over 
85% of individuals being age 2+. They also exhibited characteristics similar to 
"residual" sockeye salmon (Oncorhynchus nerka) including a significantly male-biased 
sex ratio and olive-black spawning colouration. I hypothesize that kokanee are 
exhibiting adaptive life history patterns in response to the cold, oligotrophic conditions 
in this large reservoir. 
Juvenile fish often seek complex underwater structure for protection from predators, 
and submerged structure has been shown to increase invertebrate production . 
.Therefore, it is likely that small rainbow trout and northern pikeminnow inhabit areas 
with submerged timber because it provides refuge from predators and/or because of a 
high abundance of food. The use of benthic harvested areas by small northern 
pikeminnow may be for similar reasons because overturned root wads and woody 
debris remain post-harvest. Diversity of fish species was not positively associated with 
habitat structural complexity. 
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Taken together, these results suggest that alteration of structural heterogeneity in near-
shore habitats caused by the harvest of standing submerged timber may result in 
decreased abundance of juvenile rainbow trout and northern pikeminnow, and that fall 
harvesting may influence the spawning migration of kokanee. Because this study was 
based on only one year of sampling, further research is needed before concrete 
conclusions can be drawn. In the meantime, management strategies should include 
retaining large areas of submerged timber for juvenile fish habitat and avoiding near-
shore harvest activities in or near kokanee spawning areas. Future research should 
include a focus on kokanee life history patterns in relation to lake productivity, and 
should include assessment of changes in the fish communities over time as harvesting 
continues. 
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BACKGROUND INFORMATION 
The Nechako Reservoir, located approximately 300 km west of Prince George, 
British Columbia (BC) was created in 1952 by the Aluminum Company of 
Canada (ALCAN) in order to provide hydroelectric power for their aluminum 
smelters in Kitimat. As a result, 334 km2 of terrestrial vegetation was inundated 
(Northcote and Atagi 1997) including vast areas of white spruce (Picea glauca), 
lodgepole pine (Pinus contorta) and subalpine fir (Abies lasiocarpa) forest. In 
1996, the Ministry of Forests granted two 1 0-year licenses for the commercial 
harvest of submerged timber in the Nechako Reservoir, one to Canadian Forest 
Products Limited (CANFOR) in conjunction with the Cheslatta Development 
Corporation (CDC), and one to Fibrecon Management Limited and the Cheslatta 
Carrier Nation. Both companies anticipated the use of this alternative fibre source 
for structural studs and pulp for paper production. CANFOR conducted near-
shore and deep water logging in Ootsa Lake, the northern-most lake depression 
in the reservoir, between 1996 and 1998, whereas Fibrecon removed near-shore 
timber mostly in Whitesail Reach, west of Ootsa Lake, and continues to do so. 
The Nechako Reservoir is different from many of the reservoirs in BC in that the 
water is controlled by ALCAN and not BC Hydro (the primary supplier of power to 
the province). The province has made efforts to monitor the status of fisheries in 
most of BC's reservoirs, but because no provisions for management of fisheries 
in the Nechako Reservoir were made under the original"1950 Agreement" 
between ALCAN and the provincial government or under the "1987 Settlement 
Agreement" between ALCAN and the provincial and federal governments, or the 
"BC/Aican 1997 Agreement", the status of the fish community in the reservoir has 
been largely unknown since impoundment. Because of this general lack of 
information regarding the fish community in the reservoir, the Department of 
Fisheries and Oceans (DFO) (Prince George) along with the Ministry of 
·Environment, Lands, and Parks (MELP) (Smithers) expressed concern over the 
potential long-term impacts that submerged timber removal could have on the 
fish community. 
The purpose of this study was to provide baseline information which will facilitate 
studies of the long-term impacts of submerged timber harvesting on the fish 
community in Ootsa Lake. To accomplish this I compared the abundance, 
biodiversity, and ecological characteristics of fishes among three near-shore 
habitats with different levels of structural heterogeneity. These habitats included 
treed sites that contained a substantial amount of inundated timber (high 
heterogeneity), harvested sites where inundated timber had been recently 
removed (medium heterogeneity), and open sites that were flooded but never 
contained standing timber (i.e. previous farmland) (low heterogeneity). For clarity, 
this thesis is divided into two chapters. The first addresses issues of fish 
abundance and biodiversity; the second examines ecological characteristics of 
the fish community. 
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CHAPTER 1 
Spatial and temporal patterns of fish abundance and diversity in 
relation to structural complexity of three near-shore habitats of a 
northern British Columbia reservoir (Ootsa Lake). 
ABSTRACT 
Catches with experimental gill nets and live traps (blunder, Plexiglas, minnow) 
were monitored between July 7 and October 22, 1998 to estimate the abundance 
and diversity of fishes in Ootsa Lake, BC. Catch per unit effort (CPUE) was 
quantified and ranked to evaluate the impact of submerged timber harvesting on 
the predominant fish species. Mean ranks were compared across species; 
across three near-shore habitats with different levels of structural heterogeneity 
(treed, harvested, or open); and across the summer and fall seasons. Shannon-
Wiener diversity indices were compared across habitats. 
Fish abundance was positively associated with habitat structural complexity. 
Overall abundance was highest in treed habitat. In summer, rainbow trout 
(Oncorhynchus mykiss) abundance was highest in the treed habitat whereas 
northern pikeminnow (Pytchochei/us oregonensis) were abundant in both treed 
and harvested habitats. Rainbow trout and northern pikeminnow abundance in 
near-shore areas decreased in the fall but kokanee (Oncorhynchus nerka) 
abundance increased. Abundance of benthic northern pikeminnow was highest in 
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the harvested habitat. The temporal changes observed in fish abundance are 
consistent with seasonal migrations that occur in natural lakes. Shannon-Wiener 
diversity indices did not differ significantly among habitats overall , but in the 
summer the index was significantly higher in the open than the treed and 
harvested habitats, whereas it was significantly lower in the fall. Fish species 
·diversity is probably also under the influence of other environmental and 
behavioural characteristics. Evidence from exploratory sampling with nets on the 
bottom of open sites suggests that trap sampling may have been species biased, 
resulting in biased estimates of diversity. 
These results suggest that the alteration of structural heterogeneity in near-shore 
habitats caused by harvesting of standing submerged timber may result in 
decreased abundance of rainbow trout, and that fall harvesting may influence the 
spawning migration of kokanee. Removal of inundated timber may introduce 
favourable benthic habitat for northern pikeminnow. To accurately estimate the 
long-term impacts of harvesting on fishes, yearly monitoring is recommended to 
determine how the fish communities change in different habitats over time. 
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INTRODUCTION 
In the past, almost nothing has been done to manage fish populations in British 
Columbia's aging, oligotrophic reservoirs (Ken Ashle/, personal 
communication). Authorities in the United States (US) have purposely retained 
standing timber in many reservoirs for enhancement of fish habitat post-
impoundment (Laufle and Cassidy 1988). The effects of flooded standing timber 
on sport fish harvest, however, continue to be poorly understood, especially in 
the cold oligotrophic systems of northern latitudes. The importance to fish of 
standing timber in reservoirs has been identified as a deficiency in fisheries 
management investigations in North America (Northcote and Atagi, 1997). In 
British Columbia vast areas of inundated forest have recently sparked the 
interest of several logging companies because of the economic potential of 
drowned timber as an alternative fibre source. 
Harvesting of partially and fully submerged coniferous trees began in Ootsa 
Lake, BC in 1996 and continues to date. Scientific research regarding the impact 
of inundated timber harvest on fish is essentially non-existent. Therefore, 
information on how fish interact with structurally complex underwater forests and 
how harvesting alters fish community structure is crucial to researchers, fisheries 
managers, and to the forest industry. 
1 Fisheries Research and Development Section, Fisheries Branch, Ministry of Environment, Lands and Parks, Province of 
BC, 2204 Main Mall, University of British Columbia, Vancouver, BC, Canada, V6T 1Z4 
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Submerged trees contribute to structural complexity of the habitat, and the 
importance of structural complexity in fish habitat is well documented. For 
example, the presence of aquatic vegetation or artificial structures results in 
higher growth rates in fish (Crowder and Cooper 1982; Wege and Anderson 
1979), as well as habitat partitioning among species (Werner et al. 1977; Stang 
and Hubert 1984 ). Successful fisheries management strategies have involved 
introducing artificial reefs to attract fish in marine (Wickam et al. 1973), lacustrine 
(Reeves et al. 1977; Prince and Maughan 1979; Helfman 1979), and reservoir 
environments (Paxton and Stevenson 1979). 
Underwater spatial structure is particularly important for juvenile fish. For 
example, persistence and amount of flooded terrestrial vegetation is correlated 
with abundance of young-of-the-year largemouth bass (Micropterus sa/moides) 
'(Summerfelt, 1993). Similarly, artificial and natural wood structures in streams 
provide juvenile Oncorhynchus spp. with refuge from predators (Gulp et al. 1996) 
and relief from high water velocities (Shirvell 1990). Young rainbow trout in Utah 
reservoirs select near-shore habitats that are structurally complex in order to 
avoid predators (Tabor and Wurtsbaugh 1991 ). In addition, survival of juvenile 
coho salmon (Oncorhynchus kitsutch) is strongly correlated with abundance of 
woody debris (Quinn and Peterson 1996), and submerged pulpwood logs from 
previous log-driving transport appear to serve a protective role for female and 
immature fish (Moring et al. 1989). 
6 
Despite the abundance of information on the importance of habitat structural 
heterogeneity as refuge for fishes, there is limited information available on the 
role that flooded standing timber plays for fish communities in reservoirs. 
Available data suggest that submerged forests increase the food base for fish 
(Poddubnyy and Fortunatov 1961; Mclachlin 1970). In addition, Davis and 
Hughes (1971) found that largemouth bass and bluegill (Lepomis macrochirus) 
were more abundant in areas of submerged standing timber, whereas Willis and 
Jones (1986) found that standing fish crops (kg/hectare) of several species 
including sunfishes (Lepomis spp.), crappies (Pomoxis spp.), and largemouth 
bass were higher in areas of Kansas reservoirs that had standing timber. 
Inundated timber may also serve as spawning substrate for shad (Dorosoma 
spp.) and improve shelter and food availability for larval shad (VanDenAvyle and 
Petering 1988). 
Habitat heterogeneity has been positively associated with species diversity in 
both terrestrial (MacArthur and MacArthur 1961; Pianka 1967; Rosenzweig and 
Winakur 1969) and aquatic (Abele 1974, Bronmark 1985) systems. More 
specifically, within-lake fish species diversity has been correlated with several 
factors of habitat heterogeneity including depth gradient (Benson and Magnuson 
1992), diversity of invertebrate prey and substrate, and vegetation complexity 
(Eadie and Keast 1984; Tonn and Magnuson 1982). In addition, greater habitat 
diversity may support higher spatial heterogeneity of fish communities (Benson 
and Magnuson 1992). I know of no literature that examines the relationship 
7 
between fish species diversity and the habitat heterogeneity associated with 
submerged standing timber. 
Flooded standing timber provides a more structurally complex habitat than either 
harvested areas, which contain root wads and woody debris, or open areas with 
.non-vegetated substrate. Based on the literature, I predicted that structural 
heterogeneity of treed areas would be positively related to species diversity. If 
fish respond quickly to harvesting, it was expected that the harvested habitat 
should have an intermediate level of diversity. I also predicted that presence of 
submerged standing timber would influence spatial segregation within and 
among species. 
To determine the validity of these predictions and to assess the potential impacts 
of harvesting on the fish community in Ootsa Lake, I examined differences in fish 
species abundance and diversity among habitats with different levels of structural 
complexity (treed, harvested, or open). Because fishes are known to migrate into 
and out of near-shore areas seasonally, I also examined seasonal variation 
(summer and fall). The overall null hypothesis was that there is no difference in 
abundance or diversity of fish species among habitats with varying degrees of 
structural heterogeneity, or among seasons. 
8 
MATERIALS AND METHODS 
Site Description and Characterization 
Three treed, three harvested, and three open sites were identified for this study 
and UTM coordinates were recorded for each site. Sites were chosen on the 
basis of structural heterogeneity of underwater fish habitat as determined by 
depth sounder information (treed - high heterogeneity, harvested - medium 
heterogeneity, open- low heterogeneity) with special consideration for similarity 
in all other aspects (e.g. depth, gradient, distance from shore) to minimize 
uncontrolled variables. A further consideration was that open sites be large 
enough (at least 20 hectares) to minimize potential edge effects (Wilcove et al. 
1986). Site locations are shown in Figure 1.1. Various site characteristics were 
estimated from a submerged timber assessment conducted by Canadian Forest 
Products Limited (CAN FOR) prior to harvesting; these included size (ha), tree 
species composition, tree age, tree height, and wood volume. 
Sampling 
All sites were sampled on the surface with 48 m monofilament gill nets (Redden 
Nets, Campbell River, BC) arranged in the experimental gang configuration (2 m 
depth, 8 m long panels of 19, 25, 38, 51, 64, 77 mm stretch mesh (Hubert 1996)) 
and on the bottom with various traps (blunder (hand-made), Plexiglas (hand-
made), and standard minnow) baited with dog or cat food. Blunder traps had 
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.,. 
openings of approximately 20, 40, 64, and 76 mm diameter, Plexiglas traps had 
diameter openings of approximately 65 mm, and minnow traps had diameter 
openings of about 25 mm. Both nets and traps were set approximately 100 - 200 
m from shore in the evening near dusk and retrieved in the morning near dawn. 
Within each site nets were set perpendicular to shore, and traps were placed 
approximately 10- 20 m apart. Sampling occurred between July 9 and October 
22, 1998. Summer sampling with nets took place between July 9- August 16, 
1998 and with traps from August 19 -August 28, 1998. Net sampling in the fall 
occurred from September 17 - October 16, 1998 and with traps from October 20 
- October 22, 1998. 
Sampling effort with gill nets was identical for each habitat (12 sets total: 6 in the 
summer and 6 in the fall). Bottom sampling was also identical for each habitat (7 
sets: 5 in the summer and 2 in the fall). However, certain sites of each habitat 
type were not accessible during hazardous weather conditions so sampling effort 
among sites differed. The treed and open sites each had equal net sampling 
effort (2 in the summer and 2 in the fall). Harvested site H1 (Figure 1.1) was 
sampled 3 times in the summer and once in the fall, H2 was sampled twice in the 
summer and twice in the fall, and H3 was sampled once in the summer and 3 
times in the fall. For bottom sampling with traps, T1, T2, H2, H3, 01, and 02 
were sampled twice in the summer and once in the fall whereas T3, H1 and 03 
.were sampled once in the summer and not sampled in the fall. 
11 
Between August 16 and September 17, 1998 part of the treed site T1 was 
unexpectedly harvested. The precise spot where the net was normally set was 
cleared of timber but the treed areas directly surrounding the specific site 
remained. The size of the harvested patch was estimated at approximately 0.5-
1.0 ha. Post-harvest, I continued to set the net in the same location. To 
determine possible effects on abundance of this partial harvest, AN OVA on rank 
transformed CPUE was used to compare post-harvest abundance of all species 
across treed sites, as well as abundance within each species across treed sites. 
No significant differences were found so all data acquired from T1 samples were 
included in the main data analysis. 
Data Analysis 
Abundance (Catch per Unit Effort) 
Only rainbow trout (Oncorhynchus mykiss), kokanee (Oncorhynchus nerka), and 
northern pikeminnow (Ptychocheilus oregonensis) were caught in sufficient 
numbers in surface nets and only northern pikeminnow were caught in sufficient 
numbers in bottom traps to warrant statistical analysis. Other species caught 
during surface net sampling were longnose sucker (Catostomus catostomus) 
(n=12), largescale sucker (Catostomus macrocheilus) (n=2), and Rocky 
Mountain whitefish (Prosopium williamsom) (n=1 ); other species caught during 
bottom trap sampling were burbot (Lata Iota) (n=2) and prickly sculpin (Cottus 
12 
asper) (n=2). Only summer sampling with blunder traps produced enough data 
for analysis. 
Catch per unit effort (CPUE) (#fish caught per hour of soak time) for each 
sampling event and sampling method (gill net or blunder trap) was calculated for 
each species. CPUE estimates rather than counts were used because CPUE 
accounts for differences in sampling effort. A CPUE of zero was scored if no 
captures were made. Less than 11% of all data points (surface and bottom) were 
zero. ANOVA on rank transformed CPUE (Conover 1980; Bruno Zumbo2, 
personal communication) was used to estimate differences in overall (among 
species) and spatial (among habitats) patterns of fish abundance; t-tests on 
ranked CPUE were used to determine differences in temporal (among seasons) 
patterns (Conover 1980; Bruno Zumbo, personal communication). This method 
alleviates the problem of non-normal CPUE data, and also allowed multiple 
comparisons with Bonferroni post-hoc tests. Tests were done separately for 
surface and benthic sampling with SPSS statistical software (SPSS Inc., 
Chicago, IL). 
Diversity 
Due to unequal sampling efforts with traps, the Shannon-Wiener diversity index 
calculation uses adjusted numbers of fish to reflect the maximum number of traps 
set (4 blunder, 3 minnow, 1 Plexiglas) for each sampling episode. The Shannon-
13 
Wiener (H' = -Lpilog1o(Pi)) index of diversity (Pielou 1975), where H' is species 
diversity and Pi is the fractional abundance of the i1h species, was calculated for 
each habitat in each season and over both seasons. An adapted t-test (Zar 1984) 
was used to test for significant differences between Shannon-Wiener indices 
among habitats. Diversity indices were calculated in EXCEL 97 (Microsoft 
Corporation) and t-tests were calculated by hand. 
RESULTS 
Site Location and Characterization 
The location of each site is shown in Figure 1.1 and UTM co-ordinates for all site 
·locations are presented in Table 1-1. Sites were similar in depth (8 - 15 m ), 
bottom gradient (Table 1-2), and distance from shore (-100- 200m). Treed and 
harvested sites had similar tree species composition and submerged wood 
volume (prior to harvesting). All sites were > 20 ha in size (Table 1-2). Therefore, 
aside from the heterogeneity among sites in the amount of standing timber, they 
were assumed to be qualitatively and quantitatively similar. 
2Psychology Department, University of Northern BC, 3333 University Way, Prince George, BC, Canada, V2N 4Z9 
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Abundance (CPUE) 
Abundance across species 
Overall abundance was significantly different among species (p<0.05) (Table 1-
3). Post-hoc tests indicated that kokanee were more abundant than rainbow 
trout. Although northern pikeminnow had the highest estimated mean raw CPUE 
(i.e. not rank transformed), there was a high variance in the data so that mean 
.rank CPUE was not significantly higher than other species. Differences in 
species abundance were evident in the open habitat (p<0.01) (Table 1-4) where 
kokanee were more abundant than both rainbow trout and northern pikeminnow. 
Although at the margin of significance (p=0.06), species abundance also differed 
in the harvested habitat (Table 1-4) where a trend of more northern pikeminnow 
than rainbow trout was noted. In the summer, species abundance differed in both 
the treed (p<0.05) and harvested habitats (p<0.001) (Table 1-4 ). Northern 
pikeminnow were much more abundant than the other two species in both 
habitats. Fall species abundance differed in all three habitats (p<0.05) (Table 1-
4 ). Kokanee were more numerous than rainbow trout in all three habitats, and 
they were also more abundant than northern pikeminnow in the open. 
Abundance across habitats (spatial variation) 
Total abundance of fishes varied significantly among habitats (p<0.05) (Table 1-
5). There was a trend in abundance (treed > harvested >open), but the only 
significant difference was between the extremes of the treatment groups. 
Northern pikeminnow abundance varied spatially (p<0.01) (Table 1-5); they were 
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more abundant in both treed and harvested habitats than in the open habitat. In 
the summer, rainbow trout and northern pikeminnow abundance differed among 
habitats (p<0.05 and p<0.001, respectively) (Table 1-5). Rainbow trout were 
more numerous in the treed habitat than the harvested and open habitats, but 
post-hoc tests indicated only a trend of higher abundance in the treed habitat 
compared to the harvested (p=0.07) or open (p=0.09) habitats. Northern 
pikeminnow at the surface in summer were more plentiful (p<0.001) (Table 1-5) 
·in the treed and harvested habitats than the open. No species showed spatial 
differences in abundance in the fall (Table 1-5). Northern pikeminnow in benthic 
areas differed in abundance among habitats (p<0.001) (Table 1-5). Their 
abundance was highest in the harvested habitat and lowest in the open habitat 
with each group being significantly different from the other. In summer their 
abundance was higher in the treed and harvested habitats than the open 
(p<0.001) (Table 1-5). 
Abundance across seasons (temporal variation) 
Total abundance of fishes did not differ across seasons (p=0.55) (Table 1-6). 
Within each species, however, temporal variation in abundance was evident. 
Abundance of rainbow trout and northern pikeminnow decreased from summer to 
fall (p<0.01) whereas kokanee abundance increased (p<0.05) (Table 1-6). Within 
habitats, temporal differences were significant only for numbers of rainbow trout 
in the treed habitat (p<0.01) and for northern pikeminnow in both treed (p<0.05) 
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and harvested (p<0.01) habitats (Table 1-6). There was no seasonal variation in 
abundance of benthic northern pikeminnow. 
Diversity 
Fish species diversity was not consistently related to habitat structural 
heterogeneity. Overall, fish diversity among habitats did not vary significantly 
(Table 1-7). Diversity in the summer, however, was higher in the open habitat 
than in the treed and harvested habitats (p<0.05), and in the fall, it was lower in 
the open habitat compared to treed and harvested habitats (p<0.05) (Table 1-7). 
Differences in diversity between the treed and harvested habitats were not 
statistically significant, either overall or within season. 
DISCUSSION 
Abundance 
The collective findings of this study generally support the prediction that fish 
abundance in the limnetic zone of Ootsa Lake varies according to habitat 
structural complexity and season. Treed areas supported the highest abundance 
of fishes. In the summer, rainbow trout were captured more often in treed areas, 
whereas northern pikeminnow inhabited both treed and harvested habitats. In the 
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fall both species moved out of near-shore areas in contrast to kokanee that 
migrated onshore. Benthic areas of harvested habitat were readily inhabited by 
northern pikeminnow. Therefore, I rejected the null hypothesis that fishes in the 
near-shore areas of Ootsa Lake show no spatial or temporal variation in 
abundance. 
Gill nets are known to be size selective (see Hamley 1975 for a review of gill net 
selectivity), but the use of experimental nets in this study should reduce the 
problem of size selectivity. A related concern is that species with a wider size 
range will be more vulnerable, and interspecific comparisons may be suspect. 
However, the majority of the abundance comparisons in this study are within 
species. The majority of rainbow trout (87.1 %) were caught in 3 mesh sizes (25, 
38, and 51 mm) as were the majority of northern pikeminnow (91.7%) (19, 25, 
and 38 mm). Kokanee were primarily (91.6%) caught in 19 and 25 mm mesh. So, 
while abundance comparisons among species are potentially problematic, the 
fishing effort for rainbow trout and northern pikeminnow is similar and 
comparisons of abundance between these two species are less dubious. While 
the word "catch" or "CPUE" may be more appropriate than "abundance" when 
referring to among species comparisons, I have used CPUE as an estimator of 
abundance and therefore I use the words "abundance" or "numbers" throughout 
for the sake of consistency and clarity. 
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Evidence from this study suggests that flooded standing timber in Ootsa Lake 
provides important habitat for rainbow trout and northern pikeminnow, particularly 
in the summer months. Increased underwater structure has three main possible 
benefits for fish in lentic systems: increased spawning substrate (VanDenAvyle 
and Petering 1988), enhancement of aquatic invertebrate production (Pardue 
and Neilsen 1979), and protection from predation (Tabor and Wurtsbaugh 1991 ). 
Submerged timber provides increased spawning substrate for species such as 
shad (VanDenAvyle and Petering 1988) that spawn near the surface and have 
adhesive eggs that attach to underwater structure (Scott and Crossman 1998). 
However, certain life history features of rainbow trout and northern pikeminnow 
make it highly unlikely that treed sites would provide appropriate habitat for 
successful spawning of either species. Both rainbow trout and northern 
pikeminnow spawn in gravelly benthic areas, and rainbow trout eggs are not 
adhesive (Scott and Crossman 1998). Therefore, increased pelagic structure 
would not improve spawning success of these species. Absence of fish in 
spawning condition and lack of benthic gravel in the substrate of treed sites (see 
Chapter 2) provide further evidence that these species are not congregating in 
the underwater trees of Ootsa Lake to spawn during the summer. 
In reservoirs, flooded terrestrial vegetation is considered important for providing 
food and protection for fishes (Aggus and Elliott 1975) and is directly correlated 
to fish abundance and growth (Shirley and Andrews 1977). Whether food items 
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are more abundant in areas of Ootsa Lake where submerged trees are present 
was not determined in this study but the literature suggests this is a possibility 
(VanDenAvyle and Petering 1988; Poddubnyy and Fortunatov 1961; Mclachlan 
1970; Pardue and Nielsen 1979). Direct comparisons with studies related to 
submerged timber and food availability are difficult due to the very different 
composition of fish species examined. The most relevant studies address 
impacts on fish species different from those found in Ootsa Lake (e.g. 
Centrarchids (largemouth bass), crappie (Pomoxis sp. ), and Clupeiformes 
(shad)). Valuable information is available, however, on benthic invertebrate fauna 
and the potential of submerged trees as attachment substrate. Mclachlin (1970) 
concluded that bark surfaces support a community of fauna in which immature 
chironomids were predominant with a notable abundance of oligochaetes (larger 
worms), Trichoptera (caddisflies) and Ephemeroptera (mayflies). Fish from this 
study consumed all of these invertebrate species with the exception of 
oligochaetes (see Chapter 2). This evidence implies that submerged trees and, 
possibly, large woody debris may provide added attachment surface for 
invertebrate prey. However, experiments designed to specifically test this 
hypothesis are required to make concrete conclusions related to invertebrate use 
of submerged timber in Ootsa Lake. 
Treed areas may serve as shelter for young rainbow trout and northern 
pikeminnow for which the main predators (excluding humans) in this system are 
osprey (Pandion haliaetus) (Lloyd 1999) and large northern pikeminnow that 
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cannibalize young of their own species (L. Brooks, unpublished data). Given their 
opportunistic feeding behaviour and their reputation as a salmonid predator in 
lakes (Brown and Mayle 1981 ), it is likely that northern pikeminnow also prey on 
small rainbow trout in Ootsa Lake. Complex underwater structure is often chosen 
by young rainbow trout and other Oncorhynchus spp. as refuge from predators 
(Culp et al. 1996; Tabor and Wurtsbaugh 1991; Shirvell 1990) and as a result, 
juvenile mortality is reduced (Quinn and Peterson 1996). Dense structure also 
reduces predator efficiency (Crowder and Cooper 1982). 
Harvesting does not appear to affect pelagic northern pikeminnow abundance, 
but it does result in a high number of that species in benthic areas. Possible 
reasons for high abundance of northern pikeminnow in benthic harvested areas 
include increased food availability due to suspended benthos, presence of 
previously unavailable predator refuge (overturned root wads), or physico-
chemical changes associated with harvest activities. Fish abundance patterns in 
near-shore areas both among and within lakes can be influenced by 
environmental factors including temperature (Brandt et al. 1980), dissolved 
oxygen (Tonn and Magnuson 1982), and transparency (Marshall and Ryan 
1987). Based on my water quality observations (see Chapter 2) and those by 
Perrin et al. (1997), effects of harvesting on water quality are short-lived. 
Therefore, introduction of an unexploited niche with previously unavailable food 
and shelter resources may be an influential factor responsible for high 
abundance of northern pikeminnow in benthic harvested sites. 
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Seasonal patterns of fish distribution have been documented in both natural 
lakes (Tonn and Magnuson 1982) and man-made reservoirs (Gelwick and 
Matthews 1990). The temporal variation in abundance of northern pikeminnow 
and kokanee in the limnetic zone of Ootsa Lake may be explained by typical 
seasonal migration patterns observed in reservoirs and natural lakes, 
respectively. In the fall, northern pikeminnow move offshore into deeper water 
(Martinelli and Shively 1997) where fish become a major food item (Scott and 
Crossman 1998), whereas kokanee move onshore toward spawning areas (Lorz 
and Northcote 1965). Reasons for rainbow trout migration out of near-shore 
areas in the fall remain unclear. Although they are typically spring spawners 
(Scott and Crossman 1998), movement by rainbow trout upstream for fall 
spawning is known to occur in eastern North American lakes (So reman 1981 ). 
However, factors related to temperature and food changes associated with winter 
survival are a more likely explanation for the decrease in rainbow trout catches 
during the fall in Ootsa Lake. 
Diversity 
There was no consistent relationship between fish species diversity and habitat 
structural complexity. Fall values were positively associated with structural 
complexity of habitat, as predicted, but summer indices were opposite to those 
predicted . Therefore, the extent to which higher structural heterogeneity supports 
29 
higher species diversity is limited in this system and appears to be dependent on 
seasonal changes. 
It is generally agreed that species diversity will be higher in more heterogeneous 
habitats because similar species are able to coexist by utilizing different 
microhabitats (Pielou 1975). Shannon-Wiener's index of diversity accounts for 
both species abundance and evenness. Communities that have equal numbers 
of individuals in each species will have a higher index (H') value than those that 
have highly variable abundance across species (Pielou 1975). Therefore, higher 
summer diversity in open areas of Ootsa Lake can be explained by the more 
even representation of the predominant species observed (rainbow trout, 
kokanee, and northern pikeminnow). In contrast, treed and harvested habitats 
had a very high number of northern pikeminnow (i.e. less even representation of 
species), which would cause a lower diversity index. Differences in the fall can be 
similarly explained in that the open habitat had a very high number of kokanee 
compared to a more equal abundance of the three main species in the treed and 
harvested habitats. Because there is a shift in evenness of species in the treed 
and harvested habitats from uneven in the summer to more even in the fall, and 
a shift in the open habitat from even in the summer to less even in the fall, overall 
abundance of the three predominant species across habitats is fairly equal. 
Therefore, it is not surprising that differences in overall diversity among habitats 
were not significant. Burbot, Rocky Mountain whitefish, prickly sculpin, largescale 
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suckers, and longnose suckers were caught in such low numbers in all habitats 
that their abundance is close to equal in all habitats in both seasons. 
The importance of specific habitat features to fish is variable seasonally and 
latitudinally. For example, Tonn and Magnuson (1982) reported that winter fish 
assemblages were related to oxygen concentrations and refuge availability, 
whereas vegetation diversity was the main factor related to species richness in 
the summer. Eadie and Keast (1984) noted that fish diversity in northern Ontario 
lakes was correlated to diversity of benthic prey and not physical heterogeneity of 
habitats; fish species diversity in southern lakes was correlated to several factors 
of habitat complexity including substrate diversity and vertical complexity of 
vegetation. Mean depth, lake size, and latitude have been associated with fish 
species diversity among lakes (Marshall and Ryan 1987; Barbour and Brown 
1974). Within-lakes, thermal regimes are sometimes responsible for habitat 
partitioning (Brandt et al. 1980), and variation in depth gradient can be 
responsible for spatial heterogeneity of fish communities (Benson and Magnuson 
1992). 
Of the within-lake possibilities, aquatic vegetation diversity, mean depth, and 
depth gradient can probably be excluded as contributing factors to differences in 
species richness among habitats in my study because these factors were all 
similar across habitats. Temperature, oxygen, and substrate differences, 
however, may have influenced species diversity in this study. It is possible, 
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therefore, that these factors combined with seasonal migration behaviour and 
structural heterogeneity all contribute at some level to the differences in species 
diversity observed in this study. Further, because the benthic sampling with traps 
may have influenced abundance estimates of the actual fish assemblage, it is 
difficult to formulate concrete conclusions related to diversity. 
Two observations suggest that trap sampling may have been species-biased. 
First, SCUBA divers hired for this project in 1997 noted several sculpins in the 
·roots of trees, whereas only two sculpins were captured over the entire sampling 
period in 1998. Second, exploratory net sampling on the bottom of the open 
habitat resulted in a much higher abundance of Rocky Mountain whitefish and 
suckers than the numbers represented by our sampling with traps. A more 
complete picture of species richness in benthic areas of each habitat may 
provide very different diversity results, although benthic net sampling in treed and 
harvested sites remains an unsolved problem. Several methods were attempted 
but each presented different challenges. Placement of 8 m sections of net 
required SCUBA divers for retrieval due to submerged branches and snags. The 
cost of divers under current Workers Compensation Board (WCB) regulations 
made this an unreasonable option. Hydroacoustic assessment was essentially 
impossible in the treed sites and did not provide species information. Set lines 
and angling were somewhat successful but very inefficient. Rotenone sampling 
was not attempted due to ethical considerations. Therefore, the use of these 
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diversity results for predicting associations of fish species richness and habitat 
structural heterogeneity is limited. 
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CHAPTER2 
Differences in size and condition of fish in Ootsa Lake, BC in 
relation to changes in habitat structural complexity caused by 
submerged timber harvesting. 
ABSTRACT 
Fish were sampled in three habitats with varying levels of structural 
heterogeneity (treed = high heterogeneity; harvested = medium heterogeneity; 
open = low heterogeneity) to determine the size distribution and condition of 
fishes in relation to submerged timber and its removal in Ootsa Lake, BC 
(Nechako Reservoir). Ages and diet of fish and water quality parameters were 
also recorded to provide baseline descriptive information. Sizes of rainbow trout 
(Oncorhynchus mykiss), kokanee (Oncorhynchus nerka), and northern 
pikeminnow (Ptychochei/us oregonensis) were related to habitat structural 
complexity. The smallest fish occupied the treed habitat and the largest occurred 
in the open habitat. It is likely that smaller fish utilize treed areas for refuge from 
predators and/or because of high prey availability. Fulton's condition factor was 
not associated with habitat structural complexity, but differed among sites within 
habitat. Kokanee were exceptionally small (mean fork length = 180 mm ±0.95) 
with over 85% of individuals being age 2+. They also exhibited characteristics 
similar to residual sockeye (Oncorhynchus nerka) including olive-black spawning 
colouration. I hypothesize that kokanee are exhibiting adaptive life history 
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patterns in response to the cold, oligotrophic conditions in the large reservoir. 
Future research should focus on locating kokanee spawning sites and on 
kokanee life history patterns in relation to lake productivity. Management 
strategies should include maintenance of areas of submerged timber for juvenile 
fish habitat, and the potential for a fertilization project to improve fish production 
should be examined. 
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INTRODUCTION 
Damming of streams to create impoundments results in a typical productivity 
cycle of "boom and bust" within the resultant reservoir (Ney 1996). Initially, 
productivity is high due to the influx of nutrients such as phosphorus from 
inundated land ("boom"). After approximately 5 years, those newly introduced 
nutrients are slowly depleted with little source of renewal and the waters return to 
their pre-impoundment productivity status. Productivity in reservoirs continues to 
decline due to sediment retention, phosphorous loss from discharge, and 
decreased carbon production from the littoral zone due to drawdown effects. 
Eight to fifteen years post-impoundment, reservoirs typically reach an ultra-
oligotrophic "bust" in which productivity is at a minimum (Stockner et al. 2000). 
BC's reservoirs, including the Nechako Reservoir, are currently in the "bust" part 
of the productivity cycle (Ken Ashley, personal communication). In 1951, prior to 
flooding, Lyons and Larkin (1952) described Ootsa Lake as "moderately 
productive with excellent conditions for producing trout". In 1992, 40 years after 
impoundment, Perrin (1992) reported that Ootsa Lake was ultra-oligotrophic with 
an extremely low supply of nutrients and plankton biomass. Five years later, the 
reservoir as a whole was characterized as oligotrophic with extremely low 
nutrient levels (Perrin et al. 1997). 
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.As phosphorus levels decline in reservoirs, primary production decreases and 
the result is manifested through the food chain (Stockner 2000). At the top of the 
food chain, fish growth and production decrease in response to the trophic 
effects of oligotrophication (Ellis 1941, Ney 1996, Lindstrom 1973, Stockner 
1987). Notable declines in fish production have been observed in several of BC's 
oligotrophic reservoirs including Kootenay Lake (Ashley et al. 1997) and Arrow 
Reservoir (Pieters et al. 1998). Kokanee populations in particular have been 
decreasing dramatically in reservoirs, in large part because of extremely low 
productivity caused by impoundment, but also because of introduction of an 
exotic mysid shrimp (Mysis re/icta) (Ashley et al. 1997, Ashley and Shepherd 
1996). 
Monitoring productivity at multiple trophic levels over time is an important 
research tool that provides essential information to fisheries managers who 
depend on such information to initiate effective management strategies. For 
example, knowledge of oligotrophication and consequent decline of kokanee in 
Kootenay Lake, BC prompted managers to undertake a fertilization project to 
counteract the decrease in productivity caused by previous human intervention 
(Ashley et al. 1997). The results have been successful enough that similar 
projects have been initiated in several other oligotrophic reservoirs and lakes in 
BC, particularly those where kokanee are thought to be a keystone species 
(Paine 1969) (Ken Ashley, personal communication). 
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Because the Nechako Reservoir is in a fairly remote northern location, it has not 
been influenced by human impacts to the same degree as southern BC 
reservoirs. For example, residential development around the reservoir is minimal 
as is recreational fishing and boating. Also, exotic species have not been 
introduced into the Nechako Reservoir, unlike those reservoirs in the south. 
However, submerged timber harvesting and the possible construction of a cold-
water release facility at the Kenney Dam create potential for further major 
perturbations to this ecosystem. Therefore, information regarding its biological 
status is required. These elements make the Nechako Reservoir an important 
ecosystem for research in the fisheries and aquatic sciences. 
Alcan owns the water rights to the Nechako Reservoir, and because there were 
no management requirements for the reservoir outlined in the agreements 
between Alcan and the provincial government (see Background Information), 
information regarding the status of fish and productivity in the Nechako Reservoir 
is minimal. For this reason, the Department of Fisheries and Oceans (DFO) and 
the Ministry of Environment, Lands and Parks (MELP) had concerns about the 
impact that submerged timber removal would have on the fish community in the 
reservoir. Therefore, baseline information regarding both fish ecological 
characteristics and water quality were required. 
The purpose of this study was threefold. First, I wanted to provide baseline data 
on age and diet of fishes in Ootsa Lake as well as to describe baseline water 
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quality. Statistical analysis was not conducted on these descriptive data because 
age, diet, and water quality were not the prime foci of this study. Rather, 
descriptive variation among habitats for these parameters is presented. Because 
almost no information was available on the Nechako Reservoir, my results will 
provide a basis for the development of future research projects on the reservoir. 
They also will provide information that will enable researchers to monitor 
changes in fish growth and production over time and to track productivity 
changes in the reservoir. 
Second, I wanted to evaluate whether or not fish exhibit habitat segregation 
according to body size and whether fish condition is related to habitat structural 
complexity. More specifically, I wanted to evaluate the effects that harvesting of 
submerged timber in Ootsa Lake might have on fishes by examining differences 
in size and condition factor of fish found in habitats with different levels of habitat 
structural complexity (treed, harvested, open- See Chapter 1 for further habitat 
descriptions). Underwater structure is known to provide refuge from predators for 
small fishes. For example, Shirvell (1990) found that juvenile steelhead trout 
(Oncorhynchus mykiss) and coho salmon (0. kisutch) selected areas with 
structurally complex rootwads because they provided protection from predators. 
Density and biomass of young rainbow trout (0. mykiss) increases at sites where 
simulated complex woody debris is experimentally added (Culp et al. 1996). 
Juvenile rainbow trout are abundant in structurally complex inshore habitats 
where presence of cover decreases predation rates (Tabor and Wurtsbaugh 
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1991 ). Therefore, I predicted that fish in the treed habitat would be smaller than 
those in the open habitat. 
Condition factor is a ratio of weight to length. It is considered to reflect fatness 
with higher condition factors reflecting greater weight for a given length. 
Condition factor has also been used as a reflection of growth (Filbert and 
Hawkins 1995), and growth (or fatness) is correlated with food availability 
(Ensign and Strange 1990). Higher growth rates in fish have been linked to the 
presence of aquatic vegetation (Crowder and Cooper 1982) and artificial 
structure (Wege and Anderson 1979) that provides added attachment substrate 
for aquatic invertebrates (Mclachlin 1970). In addition, submerged timber is 
thought to increase the food base for fish (Poddubnyy and Fortunatov 1961; 
VanDenAvyle and Petering, 1988, Mclachlin 1970). Because of these 
relationships, I predicted that fish would have a higher condition factor in the 
treed than open habitats. If fish respond quickly to harvesting, I predicted 
intermediate levels of size and condition in the harvested habitat. The null 
hypothesis was that there is no difference in size or condition factor of fishes 
among habitats (treed, harvested, open). 
Third, I report unusual characteristics of the kokanee population that were 
discovered incidentally, but which will provide future researchers with basic 
information on this important species. 
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MATERIALS AND METHODS 
Sampling 
1997 Sampling 
Three treed (T1, T2, and T3) and two open (01 and 02) sites were identified in 
August 1997 as suitable sampling sites (See Chapter 1, Figure 1.1 ). 
Monofilament gill nets in the experimental gang configuration (Hubert 1996) were 
set on the surface at these near -shore sites ( 1 00 - 200 m from shore) between 
September 4 and November 2, 1997. Nets were set at dusk and retrieved at 
dawn. With the exception of net panel length, all other aspects of fish sampling 
were the same as detailed for 1998 sampling described in Chapter 1. Only data 
related to kokanee age, fecundity, egg size and sex ratio were analyzed from this 
sampling year. Due to the limited field season and inconsistent sampling 
regimes, other data from 1997 did not provide useful analytical information so it 
was, therefore, excluded from any analysis . 
. 1998 Sampling 
Sampling methods for 1998 are described in Chapter 1 Material and Methods. All 
analyses included data from this sampling year with the exception of kokanee 
egg size. 
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Data Collection and Analysis- Descriptive Baseline Information 
Length-weight relationships 
Fork length (mm) and weight (g) were measured for each fish in the field with 
digital scales (CT200 and CT1200, Ohaus Corporation, Florham Park, NJ) (up to 
1200 g) or with a spring scale (T-20, Accu-Weigh, USA) (over 1200 g). Length 
and weight values were log-transformed to produce a normal distribution and 
then plotted against each other in a regression analysis with SYSTAT statistical 
software (SPSS Inc., Chicago, IL) to estimate the relationship between length 
·and weight of each species in each habitat and overall. The regression 
coefficient (b) (i.e. the slope of the regression line) was used as an indicator of 
condition. Values of b that are greater than 3.0 represent fish that are fatter at a 
given length than those fish with b values less than 3.0, and a b value equal to 
3.0 represents isometric growth. This index can also be a robust predictor of 
fecundity, reproduction, and growth (Anderson and Neumann 1996). Analysis of 
covariance (ANCOVA) in SYSTAT was used to test for homogeneity of slopes 
among habitats for each species. 
Length at Age 
For all fish, scales were removed from the area of skin between the lateral line 
and the dorsal fin on the left side of each fish; otoliths were also removed. Age 
estimates were made by Birkenhead Scale Analysis3 with standard techniques 
(Mackay et al. 1990). For analysis, I generally used the ages that were 
3 C.41 McMillan RR 1, Lone Butte, BC, Canada, VOK 1 XO, (250) 395-3880, birksc@bcinternet.net 
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determined from otoliths because scales can sometimes be resorbed or 
regenerated and, therefore, inaccurate. In those few cases where otoliths were 
damaged or unavailable the scale age was used, but only if the scale was in 
good condition. Mean length at age was plotted for each species in each habitat 
to provide insight into age structure related to habitat. 
Diet 
Stomachs were removed from each fish and preserved in 70% ethanol. Up to 20 
fish of each species from each sampling event were analyzed for stomach 
contents. Contents were removed with a probe and squirt bottle and the contents 
were diluted to a known volume. An appropriate subsample was examined (4 ml 
for full stomachs, 10 ml for- half full, or 20 ml if- less than half full). In cases 
where there was little evidence of food items, the entire contents of the stomach 
were examined in a dilution of 100 mi. Food items were counted and total 
numbers were estimated with the following formula: 
T=V;xN 
Vs 
where T =total # of food items; V; = the initial dilution volume; Vs =the 
subsample volume; and N = the number food items counted in the subsample 
(Bowen 1996). 
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The items were then compiled into the 6 categories listed in Table 2-1. 
The mean frequency of occurrence (the proportion of fish that contained one or 
more of a given food type) and mean percent composition by number (the 
number of items of a given food type expressed as a percentage of the total 
number of food items counted) (Bowen 1996) were calculated for each species in 
each habitat to evaluate differences in the proportion of fish eating certain food 
items and in the abundance of the different groups of food , respectively. For 
mean percent composition by number calculations, only items that could be 
·considered individual organisms were included (i.e. plant and fish fragments 
were not included). For insects, one head, 6 legs, or 4 wings was considered as 
one individual, and for molluscs 50 mollusc fragments were conservatively 
estimated to be one individual (based on visual observation). 
Kokanee Age at Maturity 
Upon dissection, fish were identified as male or female and examined for 
maturity. Each fish was ranked from 1 to 4 where 1 =immature (either unable to 
determine sex or small stringy gonad); 2 =maturing (eggs or testes obvious but 
not well developed); 3 = mature (well-developed gonads but not expressing eggs 
or milt); and 4 = ripe (males expressing milt; eggs distinct and separated) 
(Resource Inventory Committee (RIC) 1997). Age class percentages and 
percentage of each age class for those fish considered mature or ripe were 
calculated only for kokanee because the age composition of this population was 
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noted as unusual. Observations on internal and external parasites were also 
noted during dissection. 
Kokanee Fecundity, Egg Size and Sex Ratio 
During data collection in 1997, fish were not assigned a maturity ranking (see 
above) based on visual inspection of gonad development as they were in 1998. 
To enable a common estimator of maturity to be applied, a post-dissection 
ranking was assigned to the 1997 kokanee based on data from 1998 sampling. 
This ranking was determined as follows. Gonadosomatic index (GSI) (gonad 
mass I total body mass) was calculated for both 1997 and 1998 samples. 
Minimum GSI values were determined for each of the maturity ranks assigned in 
1998. These values were then used to divide the 1997 GSI values into maturity 
rank categories that were similar to the 1998 ran kings (i.e. each category would 
have the same minimum GSI value for both 1997 and 1998 samples). 
Specifically, males with GSI < 0.023 and females with GSI < 0.019 were 
assigned a "maturing" (2) ranking; males were designated "mature" (3) if their 
GSI was between 0.023 and 0.043 and females were considered mature for GSI 
between 0.019 and 0.077; and males were classified as "ripe" (4) for GSI > 0.043 
and females were given this classification if their GSI was > 0.077. Individuals 
from 1997 whose sex was unknown due to unsubstantial gonad development 
were assigned an "immature" (1) ranking. 
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In both 1997 and 1998, eggs of "ripe" females were counted to determine 
fecundity. Fecundity for "mature" females (where the eggs did not separate 
easily) was estimated in 1997 by weighing 20 eggs, and in 1998 by weighing 
about 10% of the total gonad mass and counting the number of eggs in that 10%. 
Atrophied eggs were not counted. Fecundity was then estimated for mature 
females in both years with the following equation: 
F =(a +b)xc 
where F =fecundity (total number of eggs), a= the subsample number of eggs 
weighed, b = mass of the subsample of eggs, and c =total gonad mass (Grim 
and Glebe 1990). 
Average egg diameter for ripe kokanee was determined in 1997 by measuring 
the total distance occupied by 10 - 20 eggs arranged side by side in a row and 
then dividing the length by the total number of eggs measured. Overall mean egg 
diameter was then calculated. Egg diameter was not measured in 1998 samples. 
Overall sex ratio of males to females was also calculated. Sex ratios for both 
summer and fall seasons were calculated for 1998 samples, but summer 
sampling did not occur in 1997 so only fall values were available. Deviation from 
a 1:1 sex ratio was tested by x2 analysis (Sokal and Rohlf 1995). Unknowns were 
ignored in the analysis, but they accounted for less than 10% of the total sample 
size and were usually juveniles with no clear gonad development. All analyses 
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were performed with Statistical Package for Social Sciences (SPSS Inc., 
Chicago, IL). 
Water Quality 
Temperature and oxygen profiles of each site were taken on August 15, 1998 
between 10:00 and 15:00. Values were recorded every metre as the probe 
(Handy Mk Ill, OxyGuard, Canada) was submerged and again as it was 
retrieved. Values at each depth were averaged and graphed. Secchi disk 
transparency readings were recorded (Wetzel 1983) on August 14, 1998 
between 11:15 AM and 12:50 PM. Two water samples were taken from each 
site. The first was taken at a 1-m depth from the surface and the second was 
taken one metre from the bottom with a VanDorn water sampler (Wildco, USA). 
In the lab, each sample was mixed well and then filtered to determine the amount 
of suspended solids (mg/L) in each sample according to Greenberg et al. (1992). 
Two substrate samples were retrieved from each site with a standard Eckman 
.dredge (Wildco, USA). Samples were combined and frozen for later analysis in 
the lab. After thawing, samples were described qualitatively and then three 
separate sub-samples from each site were weighed (wet weight) and dried at 
1 04°C. Dried samples were weighed (dry weight), then placed in an ashing oven 
at 550°C, and removed once all material had turned powdery white (Greenberg 
et al. 1992). Ashed samples were weighed (ash weight) and percent organic 
matter was calculated with the following formula: 
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OM= DW -AW x lOO 
DW 
where OM= percent organic matter; DW = dry weight (g) of sample; AW = ash 
weight (g) of sample (Greenberg et al. 1992) 
Means were calculated for each site to provide descriptive baseline information. 
Statistical Analysis & Hypothesis Testing -Size and Fulton's 
Condition Factor 
Fulton's condition factor (K) was calculated for each fish with the following 
formula: 
w 
K = -3 X 100,000 
L 
where W= weight (g) and L = length (mm) (Anderson and Neumann 1996). 
Within each species, condition factors were only compared among fish of similar 
length because longer fish tend to have a higher condition factor due to 
increasing rate of weight gain compared to length as the fish ages (Anderson and 
Neumann 1996). The following size ranges were analyzed: rainbow trout (230-
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400 mm), kokanee (120- 240 mm), and northern pikeminnow (1 00- 300 mm). 
These ranges were determined for each species separately. The length range 
chosen for statistical comparisons was that where scatter around the condition 
factor (K) was equally distributed as determined from examining plots of length 
vs. condition factor (Dieter Ayers4, personal communication). 
A nested AN OVA design was used to test the null hypothesis that there is no 
difference in length, weight or condition factor of fish among sexes, habitats, or 
seasons. For northern pikeminnow, differences among capture depths (surface 
vs. bottom) were also compared. Second order interactions (between habitat, 
season, sex, and capture depth) were tested, but third order interactions were 
not readily interpretable and were incorporated into the error term. The nested 
design was used because it enabled evaluation of site effects. Variables in the 
model were log10length, log1 0weight, and condition factor (K). 
The main factor in the nested ANOVA design was habitat (treed, harvested, 
open), which was fixed. There were three replicate samples (sites) in each 
habitat. Sites were random factors and were nested within habitat. Other factors 
included in the model were sex and season for each species (rainbow trout, 
kokanee, and northern pikeminnow). Depth of capture (surface or bottom) was 
included for northern pikeminnow only because it was the only species caught in 
sufficient numbers (n=137) during bottom sampling. These factors were included 
4 Statistical Consultant, UNBC, 3333 University Way, Prince George BC V2N 4Z9 
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to provide insights into spatial and temporal segregation of different sizes of fish 
~n relation to each habitat. The model statement for the AN OVA was: 
y = Jl + ai + {Jj(l) + Ak+ & + Tm+ ( aA.)ik + ( a5)il + ( a-r)im + ( r5Jkl + ( y-r)km + ( 8-r)Jm + 8j(J)klmn 
where Jl is the parametric mean of the population, ai is habitat, pj(l) is the effect of 
site within habitat, y is season, 8 is sex, 't is capture depth, and Ej(JJklmn is the error 
term. For analysis of rainbow trout and kokanee, the model was the same except 
that all terms with 't (capture depth) were excluded. 
RESULTS 
Descriptive Baseline Information 
For clarity, all tables and figures related to descriptive baseline information are 
included in the Appendix. 
Length-weight Relationships 
There was a significant relationship between log1 0length and log1 0weight in each 
habitat and overall for rainbow trout (p<0.001) (Figures A.1 and A.2), kokanee 
(p<0.001) (Figure A.3 and A.4 ), and northern pikeminnow (p<0.001) (Figure A.5 
and A.6). Using the regression coefficient b as an indicator of condition, tests for 
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homogeneity of slopes indicated that the empirical condition factors for kokanee 
and northern pikeminnow varied among habitats (p<0.05; p<0.001, respectively). 
Among habitat differences for rainbow trout were at the margin of significance 
(p<O.O?). 
Length at Age 
Rainbow trout ranged in age from 2 - 8 years with no 8-year olds caught in the 
treed or harvested habitats, and no age 2 rainbows caught in the open habitat 
(Figure A.?). The mean length for age 2 rainbow trout was 181 mm (SE = 5.7; n 
·= 8) with only one age 2 rainbow over 200 mm. Only kokanee aged 1 - 3 were 
caught in the treed habitat, and in the harvested habitat only age classes 2 and 3 
were caught (Figure A.8). The open habitat had representation from age classes 
1 - 4 but there was only one age 4 fish caught (Figure A.8). Northern pikeminnow 
ranged from 3- 26 years of age in the treed habitat (Figure A.9a), from 1 - 23 in 
the harvested habitat (Figure A.9b) and from 1 - 24 in the open habitat (Figure 
A.9c). The majority of northern pikeminnow were under 13 years of age, so, for 
comparison purposes length at age of northern pikeminnow aged 12 and under 
were graphed (Figure A.1 0). 
Diet 
Aquatic insects were found in almost all rainbow trout from all habitats (Figure 
A.11 a). A higher proportion of rainbow trout consumed molluscs in the treed 
habitat than in harvested and open habitats (Figure A.11 a). Most kokanee 
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consumed zooplankton with the frequency somewhat higher in harvested and 
.open habitats (Figure A.11 b). A small proportion of kokanee consumed molluscs 
in the treed and harvested habitats, but not in the open. Aquatic insects were 
found more frequently in kokanee from the treed habitat followed by the 
harvested and then open habitats (Figure A.11 b). Northern pikeminnow 
consumed the widest variety of food items, with aquatic insects most prominent 
in those fish from the treed habitat and molluscs prominent in those from both the 
treed and harvested habitats (Figure A.11 c). For all species the percentage of 
aquatic insects consumed was lowest in the fish from the harvested habitat, 
whereas the frequency of zooplankton was highest in fish from the harvested 
habitat (Figure A.12). Of the types of aquatic insects consumed, Trichoptera 
were found in highest abundance in rainbow trout and northern pikeminnow from 
harvested areas followed by those from treed areas (Figures A.13a,b ). Partially 
aquatic insects, including Diptera, Coleoptera, and Hymenoptera were found in 
fairly high numbers in rainbow trout (Figure A.13a). Diptera were the most 
abundant partially aquatic insect in kokanee (Figure A.13b ). Chironomids, 
Diptera and Coleoptera were only found in northern pikeminnow from the treed 
and harvested habitats. Finally, a large number of terrestrial spiders were found 
in the stomachs of rainbow trout, particularly in the harvested habitat (Figure 
A.13a). 
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Kokanee Age at Maturity, Fecundity, & Egg Size 
Almost all kokanee caught in 1997 and 1998 were age 2 (Table A-1 ). In 1997, 
88.4% were age 2 and in 1998, 88.9% were 2 years old. This age class also 
dominated the group of mature/ripe fish with 93.7% of mature/ripe fish in 1997 
being age 2 and 92.5% age 2 in 1998. Age 1 fish made up a very small 
proportion (6.3% and 2.0%); age 3 fish represented 4.5% and 7.7%. Only one 
age 4 fish was caught in each year. 
The mean fecundity for kokanee in 1997 was similar to 1998 (205 and 212 eggs, 
respectively) (Table A-2), and mean egg diameter for the 1997 ripe females (n = 
19) was 3.9 mm (± 0.097 SE; range= 3.1 - 4.9 mm). 
Kokanee Sex Ratio, Spawning Colour & Parasitic Infection 
Significantly biased male sex ratios occurred in the fall of both years and overall 
in 1998 (Table A-3). There was no evidence of significant bias in summer 1998, 
but sample sizes were small (n=51) compared to fall samples which may have 
reduced the power of x2 analysis. 
Several kokanee had an olive-black colouration during the fall sampling period. In 
addition, many of the ripe fish were completely silver in colour with no indication 
of spawning colour. 
Seventy-eight percent of the kokanee caught in 1998 were infested with the 
copepod parasite Sa/mineola, and although the number infected in 1997 was not 
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determined, dissection notes indicated that a large proportion of the 1997 
kokanee was also infected with the same parasite. 
Water Quality Results 
Water quality parameters were measured for descriptive purposes only and are 
presented here as information for future researchers and for insight into possible 
influences on fish distribution patterns. Two of the open sites were 1.2 - 2.3°C 
cooler than the other sites, but all treed and harvested sites had similar 
temperature profiles (Figure A.14). Temperatures at each site varied only a 
maximum of 1.5°C from top to bottom. All sites were within 0. 7 mg/L oxygen of 
each other on the surface, but near the bottom, open sites had the highest 
oxygen levels followed by treed sites and harvested sites (Figure A.15). Oxygen 
profiles of harvested sites indicated that benthic oxygen was lowest in the site 
that was most recently harvested (- 2 months) and highest in the site that had 
been harvested the longest(- 1 year), with the site harvested in between the two 
(- 4 months) having intermediate levels of benthic oxygen (Figure A.16). 
Mean Secchi disk transparency readings were highest in the open habitat and 
lowest in the harvested habitat (Figure A.17). Suspended particulate matter was 
generally below the level of detection and was only slightly higher in the 
harvested sites compared to other sites (Figure A.18). Mean percent organic 
matter in the substrate was highest in the treed habitat and lowest in the open 
habitat (Figure A.19). The treed sites contained mostly moss, needles, and 
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woody debris with a few rocks; the harvested sites were similar to the treed sites 
but contained no rocks and also had pine cones. Open sites were very different 
in substrate character and were generally silty and muddy. 
Statistical Results - Size and Condition Factor 
The size of all three species (rainbow trout, kokanee, and northern pikeminnow) 
varied spatially (among habitats) but only kokanee and northern pikeminnow 
varied in size across seasons. Fulton's condition factor for all species did not 
differ among habitats but was more site-specific. Within the harvested habitat, all 
three species had a lower condition factor in the site that had been harvested 
one year prior to sampling compared to the site that had been harvested most 
recently(- 2 months). Results provided in the text in parentheses represent the 
mean± one standard error, unless otherwise noted. 
Rainbow Trout 
No differences in length or weight of rainbow trout occurred among sites within 
each habitat (Table 2-2). The weight of trout, however, differed among habitats 
(p<0.05). Weights were greater in the open habitat (258.7 ± 22.1 g; n=23) than 
the treed habitat (192.7 ± 16.9 g; n=47), with fish in harvested areas intermediate 
in weight (237.1 ± 21.0 g; n=30). Rainbow trout showed no differences in length 
or weight across seasons, and there were no interactions between habitat and 
season, habitat and sex, or season and sex (Table 2-2). Sizes varied among sex 
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(p<0.01) (Table 2-2). Size of male (300.6 ± 13.4 mm; 306.2 ± 29.7 g; n=14) and 
female (296.8 ± 6.6 mm; 266.2 ± 16.9 g; n=38) rainbow trout were larger than 
those classified as unknown sex (155.8 ± 3.9mm; 39.0 ± 3.0 g; n=49), which is 
not surprising since the fish that were classified as unknown were those fish that 
had limited gonad development (i.e. they were immature). 
Rainbow trout showed no variation in condition factor among habitats or sexes, 
and variation across seasons was at the margin of significance (p<0.06) (Table 
2-2). There was no indication of second order interactions (Table 2-2). There 
were, however, differences in condition factor among sites within the harvested 
habitat (p<0.001) with fish in H1 and H3 having higher condition factors than 
those in H2 (Figure 2.1 ). The overall mean condition factor for rainbow trout in 
this study was 0.99 (SE = ± 0.01; n = 1 00). 
Kokanee 
Kokanee showed no difference in length or weight within habitats across sites 
(Table 2-3). Among habitat differences occurred for both length (p<0.05) and 
weight (p<0.001) of kokanee (Table 2-3). Kokanee were significantly longer in the 
harvested habitat (184.0 ± 1.9 mm; n=76) than in the treed habitat (176.5 ± 2.1 
mm; n=81 ); those in the open were intermediate in length (179.9 ± 1.2 mm; 
n=141 ). They were also heavier in the harvested (67.5 ± 2.4 g; n=76) and open 
(63.5 ±1 .2 g; n=141) habitats than in the treed (60.4 ± 2.2 g; n=81) habitat. 
Overall, kokanee weighed more (66.3 ± 1.1 g; n=232) in the fall than they did in 
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Figure 2.1. Comparison of mean Fulton condition factors (K) for rainbow trout in each site 
sampled in Ootsa Lake, BC (July - October, 1998). T = treed habitat; H = harvested habitat; 
0 = open habitat; and numbers represent different sites with each habitat. Differences 
among sites occur in the harvested habitat {p<0.001 ). Numbers indicate sample sizes. 
Error bars represent + 2 SE. 
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the summer (54.5 ± 2.5 g; n=66) (p<0.01 ), presumably due to gonad 
development associated with maturation, as they did not differ in length across 
seasons (Table 2-3). Those kokanee with sex labeled as unknown were smaller 
in length (155.8 ± 3.9 mm; n=29) and weight (39.0 ± 3.0 g; n=29) than the males 
(181.8 ± 1.0 mm; 66.6 ± 1.2 g; n=165) and females (184.0 ± 1.4 mm; 65.9 ± 1.7 
g; n=1 04 ). The overall mean fork length of kokanee in this study was 180 mm (± 
0.95; n = 298) and the mean length of mature kokanee in this study was 184 mm 
± 0.79 (n=238) ranging in size from 145- 225 mm n=238. 
With respect to size, there was no interaction between habitat and sex or season 
and sex (Table 2-3). The interaction between habitat and season for both length 
(p<0.05) (Figure 2.2a) and weight (p<0.05) (Figure 2.2b) indicates that the size of 
kokanee in the open habitat did not increase between summer and fall as much 
as it did for those from the treed and harvested habitats. 
There was no difference in condition factor of kokanee among habitats (Table 2-
3). There were, however, differences among sites within habitats (p<0.001) 
(Figure 2.3). Kokanee in T1 had significantly lower mean condition factor than 
those in T3, fish in H 1 and H2 had significantly lower condition factor than those 
in H3, and the condition factor of fish in 01 and 03 was significantly higher than 
those fish in 02 (Figure 2.3). 
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There was also a significant increase in condition factor of kokanee in the fall 
from the summer (p<0.001) (Figure 2.4 ), again presumably due to increased 
weight associated with fall gonad development. Condition factor of kokanee 
differed among sexes (p<0.001) with males having higher condition than both 
females and unknowns, and females having higher condition than the unknowns 
{Figure 2.5). 
There was no interaction between habitat and season for kokanee condition 
factor (Table 2-3). There was an interaction for condition factor between habitat 
and sex (p<0.01 ), where unknowns had a much higher condition factor in the 
open habitat compared to the other habitats (Figure 2.6). The interaction 
between season and sex indicates that males across seasons showed almost no 
change in condition whereas both females and unknowns showed a dramatic 
increase over time (Figure 2. 7). 
Northern pikeminnow 
Size of northern pikeminnow varied among habitats (p<0.05) (Table 2-4 ). They 
were significantly smaller in length and weight in the treed (197.9 ± 2.6 mm; 85.9 
± 5.5 g; n=268) and harvested (202.3 ± 3.6 mm; 111.4 ± 9.5 g; n=247) habitats 
than the open (274.3 ± 17.4 mm; 351.1 ± 68.3 g; n=33). There was no difference 
in length of northern pikeminnow within habitats among sites (Table 2-4), but 
there was a difference in weight among sites within the harvested habitat 
(p<0.05) where the mean weight in H2 (130.9 ± 24.3 g; n=47) was higher than 
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that of H3 (97 .0 ±15.1 g; n=71 ), and those from the open were intermediate in 
weight (112.2 ± 13.5 g; n=129). Northern pikeminnow did not differ in length or 
weight across seasons but they did differ among sexes (p<0.001) (Table 2-4). 
Males (213.0 ± 2 .8 mm; 99.7 ± 4.4 g; n=117) and females (285.3 ± 8.5 mm; 
330.4 ± 33.2 g; n=89) were larger in length and weight than the unknowns (180.5 
± 1.6 mm; 61.6 ± 2.2 g; n=342), and females were longer and heavier than 
males. Individuals caught on the bottom were significantly smaller in both length 
(191.3 ± 3.1 mm; n=137) and weight (78.2 ± 4.3 g; n=137) than those caught on 
the surface (208.8 ± 3.0 mm; 125.1 ± 9.1 g; n=411) (p<0.001) (Table 2-4 ). 
There was no interaction between habitat and depth or between season and 
depth (Table 2-4). There was an interaction for both length (Figure 2.8a) and 
weight (Figure 2.8b) between habitat and sex which indicates that males and 
unknowns show similar changes in size across habitats but that females are 
much larger in the open habitat. The interaction between season and sex 
(p<0.001) (Table 2-4) indicates that both males and unknowns caught in the 
summer were somewhat larger in length and weight than those caught in the fall, 
but the female trend was the opposite (Figures 2.9a,b ). Finally, the interaction 
between depth and sex (p<0.001) (Table 2-4) indicates that males and unknowns 
are slightly larger in length (Figure 2.1 Oa) and weight (Figure 2.1 Ob) on the 
surface, but the females are dramatically larger on the surface than at the bottom 
(Figures 2.10a,b). 
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There was no difference in northern pikeminnow condition factor among habitats 
(Table 2-4 ). Site differences in condition factor within habitats occurred (p<0.001) 
in the treed habitat where fish in T1 had significantly lower condition factor than 
those in T2 and T3, and in the harvested habitat where fish in H2 had 
significantly lower condition factor than those in H1 and H3 (Figure 2.11 ). 
Northern pikeminnow had a significantly higher condition factor in the fall than in 
the summer (p<0.01) (Figure 2.12). There was no difference in condition factor 
among sexes or among depths (Table 2-4). There was only one second order 
interaction, between habitat and depth (p<0.05) (Table 2-4) where fish in the 
treed habitat had a much higher condition factor on the bottom than the surface 
(Figure 2.13). 
In summary, all three species varied in size among habitats with smaller fish 
occupying the treed habitat. The smallest northern pikeminnow occurred in 
benthic areas. Condition factor did not differ among habitats, but was site specific 
and varied among sexes for kokanee and among seasons for kokanee and 
northern pikeminnow. Second order interactions suggest that the change in 
length and weight of kokanee across seasons was not independent of habitat, 
and that condition factor for each sex of this species varied among habitats and 
seasons. In addition, the variation in length and weight of the different sexes of 
northern pikeminnow was dependent on habitat, season and depth of capture, 
and the variation in condition factor on the surface or bottom was dependent on 
habitat. 
74 
-1.1 ~----------------------------------------. 
-::::c::: -'-
0 - 1.0 (.) 
co 
u.. 
c 
0 :e 
"0 
c 
0 u 
c 
0 -
.8 
24 
69 7 
12 •• 76 
120 
43 
161 
~--~--~--~--~----~--~--~--~----~~ 
T1 T2 T3 H1 H2 H3 01 02 03 
Site 
HABITAT 
I 
• Treed 
I 
e Harvested 
I 
.A. Open 
Figure 2.11. Comparison of mean Fulton condition factor for Northern pikeminnow within 
habitat among sites in Ootsa Lake, BC (July- October, 1998}. Condition varies among 
sites within the treed and harvested habitats (p<0.001 ). Numbers indicate sample sizes. 
Error bars represent+ 2 SE. 
75 
1.08 ~--------------------------------------------~ 
1.06 74 
- I ~ __. I.... 0 ..... (.) ro u. 
c 
0 
;e 
"0 
c 
0 
() 
c 
0 :: 
::J 
u. 
1.04 
1.02 
1.00 
.98 439 
.96 I 
.94 
Summer Fall 
Season 
Figure 2.12. Comparison of mean Fulton condition factor for northern pikeminnow across 
seasons in Ootsa Lake, BC (July- October, 1998). Condition varies across seasons 
(p<0.01 ). Numbers indicate sample sizes. Error bars represent+ 2 SE. 
76 
-1.08 -
-------Treed 
- - Harvested 
----A- Open 
- 1.04-~ ...._ 
I.... 
0 ....... u 
co 1.00 - • 91 LL 156 I 
---- --- - _.1 c - - 13 
0 20 ~-- ~ 33 :.;::; 
""0 
c 0.96-0 
() 
c 235 4 0 ....... 
::::J 
0.92-LL 
0.88 -+-------,~------~,-----------,1 
Surface Bottom 
DEPTH 
Figure 2.13. Interaction between habitat and depth for mean Fulton condition 
factor of northern pikeminnow in Ootsa Lake, BC (July- October, 1998). The 
interaction is significant (p<0.05). Numbers indicate sample sizes. Error bars 
represent + two SE. 
77 
·DISCUSSION 
The baseline data presented here provide important indicators of current 
reservoir productivity. They also provide a reference for future estimates of 
biological productivity in Ootsa Lake. Analysis of the distribution of fish sizes 
revealed that small juvenile fishes utilized near-shore areas that have inundated 
timber and that very small northern pikeminnow utilized benthic harvested areas. 
Variation in condition factor, however, was not related to habitat structural 
complexity, but rather was more site-specific. 
Low productivity levels in lakes are indicated by comparatively small fish size in 
upper age classes compared to other populations (Stockner 1987; Lindstrom 
1973; Ellis 1941 ), and by high transparency readings that suggest a low volume 
of phytoplankton (Wetzel 1983). The decrease in size of rainbow trout in Ootsa 
Lake since impoundment provides further evidence that fish productivity has 
decreased over the past 45- 50 years. In 1951, Lyons and Larkin (1952) noted 
that rainbow trout 2 years and older were of "legal size" which at that time was 8 
inches (203 mm) (British Columbia Sport-Fishing Regulations 1952), whereas the 
mean length for age 2 fish in this study was 181 mm with only one age 2 rainbow 
over 200 mm. They also reported that fishing in Ootsa Lake was excellent and 
that rainbow trout had moderate growth with a relatively high condition factor 
(although no estimates were given). In contrast, the mean condition factor for 
rainbow trout in this study was relatively low for this species (Carlander 1969). 
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The mean length of mature kokanee in this study (145- 225 mm fork length; 
mean= 184 ± 0.79 mm; n=238) was also low compared to other northern BC 
populations (Chris Foote5, personal communication), in which individuals 
generally average between 203- 229 mm (Carlander 1969). Kokanee from Takla 
Lake, BC (near Ootsa Lake) have been known to mature between 170-220 mm 
(fork length) (Wood and Foote 1996). Upper age classes of northern pikeminnow 
are also small in size compared to other BC populations (Carlander 1969). 
Extremely low phosphorus levels (5.7 1-lg L-1) (Perrin et al. 1997) and high Secchi 
disk transparency (8 - 9 m), provide further evidence of the highly oligotrophic 
state of Ootsa Lake. 
Evidence from other studies indicates that submerged timber increases food 
available to fish (VanDenAvyle and Petering 1988; Poddubnyy and Fortunatov 
1961) and can provide increased attachment substrate for some aquatic insects 
(McLachlin 1970). My study was not designed to specifically address differences 
in fish diet, and the sampling regime that I used dictates against a detailed 
analysis. Fish could have been retained in the nets anywhere from a few minutes 
to several hours, possibly resulting in wide variation in the degree of stomach 
fullness (since fish do not eat while captured in gill nets but digestion continues). 
Because length of capture time in nets was not standardized (for example by 
retrieving nets every 30 minutes), results from statistical analyses of diet would 
have been misleading. Although the ability to draw confident conclusions 
5 Instructor (Fisheries and Aquaculture), Malaspina University-College, 900 Fifth Street, Nanaimo, 
British Columbia, V9R 5S5 
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·regarding diet is limited, nevertheless the descriptive results suggest that fish in 
harvested areas have fewer aquatic insects in their stomachs, which may reflect 
lower numbers of aquatic insects available in that habitat. This may be due to the 
decreased volume of attachment substrate for insect larvae (Mclachlin 1970) 
especially for clingers (e.g. some Ephemeroptera, Trichoptera, Diptera) and 
climbers (e.g. Odonata) that require attachment to surfaces (Cummins and 
Merritt 1996). However, Trichoptera and molluscs were prevalent in the diet of 
rainbow trout and northern pikeminnow from both treed and harvested habitats. 
The particularly high abundance of molluscs and Trichoptera in fish from 
harvested areas suggests that harvesting operations may increase the 
availability of these food items. Dense submerged timber may provide refuge for 
invertebrate prey and reduce foraging efficiency of predators (Crowder and 
Cooper 1982). Therefore, removal of trees may make these prey items more 
vulnerable to fish, but the abundance would be temporary if the presence of 
submerged timber positively influenced their proliferation. Research directed at 
determining the importance of inundated trees to aquatic invertebrates, which are 
the basis of rainbow trout and northern pikeminnow diets in Ootsa Lake, would 
provide useful information. 
In relation to submerged timber harvesting, my results on the distribution of 
different sizes of fish are important because they establish which size classes of 
fish might be affected by harvest activities and whether removal of submerged 
timber might alter the seasonal growth patterns of fish. Rainbow trout and 
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northern pikeminnow caught in the treed areas were smaller than those in the 
open, but not in the harvested habitat. Only kokanee were smaller in treed than 
in harvested areas. Long-term impacts of harvesting are unclear from these data, 
but evidence from this study and others suggests that juvenile fishes benefit from 
complex underwater structure because it provides refuge from predators (Gulp et 
al. 1996; Tabor and Wurtsbaugh 1991; Shirvell 1990) and it enhances aquatic 
invertebrate production (Pardue and Neilsen 1979). Other impacts related to 
habitat segregation among different sizes of fish may occur, as indicated by the 
occurrence of smaller northern pikeminnow in the most recently harvested site 
(harvested for approximately 2 months) compared to the one that had been 
harvested one year previously. Because northern pikeminnow were very small 
and highly abundant in benthic areas of the harvested habitat (see Chapter 1 ), 
the smallest individuals of that species may benefit from harvesting activities, 
perhaps due to small refuge areas provided by root wads and woody debris. 
Although the biological implications of differential condition factors is hotly 
debated, some biologists believe that change in condition reflects growth 
patterns in fish (Filbert and Hawkins 1995). If this is true, then it is somewhat 
surprising that condition factors were not linked to habitat structural complexity 
since submerged timber is thought to improve the abundance of some 
invertebrates (Mclachlin 1970), and growth is generally correlated with food 
availability (Ensign and Strange 1990). In addition, presence of aquatic 
vegetation and artificial structures has been linked to higher growth rates in fish 
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(Crowder and Cooper 1982; Wege and Anderson 1979). Instead, condition factor 
varied among sites within habitats. Rainbow trout and northern pikeminnow 
condition factor was significantly lower in the site that had been harvested one 
year previously than in two that had been harvested only a few months 
previously. Kokanee also had a higher mean condition factor in the most recently 
harvested site compared to the one harvested one year prior to sampling. This 
evidence suggests that fish may initially benefit from harvest activities, possibly 
due to increased prey availability, but those benefits are short-lived. Therefore, 
long-term negative impacts of harvesting on fish growth and condition may occur. 
Site effects on kokanee condition factor were also evident in other habitats. 
Because kokanee spawn in the fall, however, condition factors may be influenced 
by gonad development and therefore the prediction of harvesting effects on the 
condition of this species must be made with caution. 
The low number of site replicates makes it difficult to draw firm conclusions 
regarding the long-term impacts of tree removal on fish condition. That northern 
pikeminnow exhibited lower mean condition factor in T1 than the other two treed 
sites and that site effects were also apparent for kokanee condition factor in all 
three habitats suggests that differences in condition may be attributed to factors 
other than habitat structural complexity. Research with multiple replicates of 
harvested sites through time would allow a more accurate estimate of long-term 
impacts of harvesting on fish growth and condition. Because there is controversy 
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over the biological interpretation of condition factor, direct measurements and 
comparisons of fish growth would allow more concrete conclusions regarding the 
impact of harvesting on fish well-being. 
I do not necessarily expect that fish caught in a particular habitat are long-term 
residents of those habitats, as seasonal movement of fish in temperate regions is 
well known. Mark-recapture efforts to determine movement patterns were 
unsuccessful due to difficulty catching sufficient numbers of undamaged fish from 
treed and harvested areas. However, lake resident rainbow trout generally do not 
utilize extensive territory (Scott and Crossman 1998) and Martinelli and Shively 
(1997) found that the majority of northern pikeminnow movement in Columbia 
River reservoirs were short-term movements of< 1 km, likely in response to 
foraging opportunities. Therefore, it is likely that these species reside, at least 
partially, in the habitat in which they were caught. Kokanee are known to make 
extensive daily vertical and onshore-offshore migrations in the summer, most 
likely associated with temperature and food availability (Scott and Crossman 
1998), and fall migrations toward spawning streams (Lorz and Northcote 1965). 
Specific information on movement patterns by all three species in Ootsa Lake 
would help to clarify whether fish utilize a particular habitat for extended periods. 
Concern for kokanee in the reservoir should be at the forefront of management 
strategies. They are potentially a keystone species (Paine 1969) in ecosystems 
like Ootsa Lake (Ken Ashley, personal communication) where they forage largely 
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on zooplankton and, in turn, provide a main source of food for large rainbow trout 
(Lyons and Larkin 1952) and northern pikeminnow (Ricker 1941 ). Kokanee 
populations in southern BC have come under close investigation recently due to 
their declining abundance in oligotrophic reservoirs and lakes. Much of the 
decline is associated with human activities including industrial runoff, 
impoundment for agriculture or hydroelectric power, and introduction of exotic 
species (Ashley and Shepherd 1996). However, the decline has been stemmed 
in Kootenay Lake by the success of lake fertilization projects (Ashley et al. 1997). 
In contrast, northern populations have not been studied as extensively and, in the 
case of the Nechako Reservoir, they have received no serious attention. 
Kokanee in Ootsa Lake have the characteristics of residual sockeye in Cultus 
Lake, BC described by Ricker (1938). Residual sockeye are progeny of 
anadromous sockeye salmon (Oncorhynchus nerka) that do not migrate to the 
ocean, but instead remain in fresh water their entire life. Residuals in Cultus Lake 
are small in size, they mature at age 2 (in their third year), they spawn late in the 
season (October- December), they are heavily infested with Sa/mineola 
parasites, they exhibit an olive-black spawning colour, and they have a male-
biased sex-ratio. The male biased sex-ratio is characteristic of residuals that exist 
sympatrically with anadromous sockeye (Foote, personal communication) and is 
not necessarily true of all residual populations (see Ricker 1959). 
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Winsby et al. (1998) found 87% of kokanee captured in late summer in Ootsa 
Lake to be age 2 with the remainder being three years of age. They also noted a 
male-biased (63%) sex ratio and that most kokanee had advanced gonad 
development with some in spawning condition (Winsby et al. 1997). Although gill 
nets can be selective for male kokanee due to development of secondary sex 
characteristics (e.g. hooked lower jaw and dorsal hump) (Foote, personal 
communication), these changes were not readily visible in kokanee from Ootsa 
Lake. Nevertheless, it is possible that only slight development (not detectable 
without specific measurements) of male sex characteristics contributed to the 
male-biased sex ratio. In addition, different behaviours between males and 
females may have been a contributing factor. For example, shore spawners in 
Okanagan Lake, BC have male-biased ratios on the spawning grounds because 
males tend to occupy the spawning area longer than females, making them more 
likely to be caught (Cannings et al. 1998). Therefore, it is possible that the male-
biased sex ratio of kokanee from our study is not truly representative of the 
population as a whole. 
On a superficial level, these data suggest that residual sockeye exist in Ootsa 
Lake. However, sockeye salmon were not known to spawn historically above the 
confluence of the Nautley River (International Pacific Salmon Fisheries 
Commission, 1953) due to the high gradient and water velocity in the Nechako 
Canyon (Don Cadden6 , personal communication). If these fish are not residual 
6 Fish , Wildlife and Habitat Protection, Ministry of Environment, Lands and Parks, 1011-41h Avenue, Prince George, BC, 
V2L 3H9 
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sockeye but long-term resident kokanee, then the question remains as to why 
they exhibit similar life history characteristics to residuals. 
Kokanee populations in BC are known to have varying life history traits within 
and among populations. Differences in fecundity and egg size occur among 
spawners from two different tributaries of Upper Arrow Lake (Murray et al. 1989). 
Kokanee within the Okanagan Lake system have developed two separate 
spawning strategies; some spawn in inlet streams while others spawn on the 
rocky shoreline within the lake (Ashley and Shepherd 1996). Some kokanee 
populations spawn deep in lakes and turn black instead of red at spawning in 
response to lack of light penetration at greater depths (Chris Foote, personal 
communication). 
Environmental pressures are known to cause various changes in populations. In 
fishes, environmental factors can influence size (Beamish and Tandler 1990; 
Wooton 1984 ), sex determination (Conover et al. 1992; Craig et al. 1996), and 
reproductive characteristics including age and size at maturation (Wootton 1984; 
Stearns and Crandall 1984 ). Temperature is one of the most influential 
environmental variables because it is fundamental to poikilotherms and is often 
correlated with fish growth rate (Mayle and Cech 2000). Age and size at maturity 
are both genetically and environmentally determined (Stearns and Crandall 
1984 ). In addition, it is predicted that organisms that experience lower growth 
due to environmental stress will experience a change in their age and size at 
86 
maturity such that any reduction in fitness associated with slower growth and 
smaller size will be minimized (Stearns and Crandall 1984 ). 
I hypothesize that factors associated with large, cold, oligotrophic systems are 
driving the early maturation of kokanee in Ootsa Lake. Cold temperatures and 
low food availability caused by low productivity result in slower growth 
(Wurtsbaugh and Cech 1980) and lower fecundity due to smaller size (Roff 
1992). Therefore, there is potential for reduced fitness under these conditions 
(Stearns 1992). Early maturation is beneficial if it increases an organism's 
chances of surviving to reproductive age and also results in offspring being born 
and reproducing earlier. These factors result in higher fitness in an environment 
where reduced growth occurs (Stearns 1992). 
Although this study provides no direct evidence that early maturation of kokanee 
in Ootsa Lake results in improved fitness, indirect evidence suggests that it is 
likely an adaptive characteristic. The potential for somatic growth in upper age 
classes is limited due to low lake productivity and cold temperatures, and 
therefore, the reproductive benefits associated with larger size (i.e. higher 
fecundity) would, presumably, be relatively small compared to those gained from 
maturing at an early age (i.e. improved chance of survival to reproductive age, 
and offspring born and reproducing earlier). In other words, body volume of 
kokanee would not increase substantially during their fourth and fifth year of life, 
and as a result, the volume available for gonad development would be limited. 
87 
Consequently, fecundity (and therefore their fitness) would not increase 
significantly if maturity was delayed. Experiments designed to test this hypothesis 
are needed, however, to conclude with any degree of certainty that this trait is 
indeed adaptive. 
It is unlikely (though not impossible) that these kokanee are residual sockeye. A 
more probable explanation is that they are exhibiting similar characteristics to 
residual sockeye due to environmental pressures that cause slow growth and 
reduced fecundity. Early maturation has a profound effect on reproductive output 
(Roff 1992; Stearns 1992) and generation time, which in turn have consequences 
for evolutionary processes. The preliminary results presented here suggest that 
this population of kokanee could provide an excellent opportunity to investigate 
the relationship of lake productivity and life history adaptations. 
Kokanee spawning grounds in Ootsa Lake are currently unknown. The olive-
black colouration of some individuals leads me to believe that kokanee may be 
spawning deep in the lake on submerged river or lake basins or possibly near 
inundated springs. Shore spawning is unlikely to occur because of the effects 
that reservoir drawdown would have on incubating eggs, but this possibility 
should also be explored. Ecological and genetic comparisons with stream 
spawners from Andrews Creek on the northwest shore of Ootsa Lake may also 
provide answers regarding adaptive life history strategies. Once spawning areas 
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are identified, harvesting activities can be regulated to provide protection of 
vulnerable habitats. 
It is clear that productivity in the Nechako Reservoir is low. Future habitat 
alterations in the reservoir may produce short-term productivity benefits (as 
suggested by the results of this study). However, they may also have negative 
effects on productivity. For example, if a cold-water release facility that draws 
reservoir water at depth is constructed, it may have the effect of further depleting 
phosphorus availability. Other effects may be similar to those seen in southern 
BC reservoirs. The physical, chemical and biological status of the reservoir 
should be consistently monitored so that informed decisions regarding 
submerged timber harvesting, construction of a cold-water release facility, and 
fisheries management can be made. 
·coNCLUSIONS AND MANAGEMENT RECOMMENDATIONS 
Fish abundance and the distribution of different sizes of fish are related to habitat 
structural heterogeneity in Ootsa Lake. Submerged standing timber in near-shore 
areas influences spatial patterns of fish abundance and size. My results, 
combined with a review of the literature, make it a reasonable assumption that 
juvenile rainbow trout and northern pikeminnow are utilizing treed areas as 
89 
predator refuge and/or because of high prey availability. Very small northern 
pikeminnow may also be using benthic areas of harvested habitat for similar 
reasons. 
Because there was a high abundance of young rainbow trout and northern 
pikeminnow in the treed areas, and because submerged timber may potentially 
provide added attachment surface for invertebrates, retention of large areas of 
submerged timber for juvenile fish habitat is recommended. Retention of root 
wads and woody debris in harvested areas is also recommended since artificial 
structures are often added to aquatic environments to improve fish habitat 
(Wickam et al. 1973; Reeves et al. 1977; Prince and Maughan 1979; Helfman 
1979; Paxton and Stevenson 1979). In addition, these areas may provide refuge 
for small northern pikeminnow. All woody debris from harvesting, however, 
should be well below the drawdown zone of 15ft (4.57 m) to avoid becoming a 
boating hazard. 
The most important issue that should be addressed is the status of the kokanee 
populations in the Nechako Reservoir. This species may have developed an 
alternative reproductive strategy that could provide an opportunity for 
researchers to investigate the relationship of lake productivity and life history 
adaptations. It is unknown if kokanee populations in the Nechako Reservoir are 
decreasing, but because kokanee are considered a keystone species by some 
biologists, their preservation is important to the ecosystem as a whole (Meffe and 
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Carroll 1994 ). Therefore, any disruption of kokanee spawning migrations or 
habitat caused by harvesting should be prevented. More specific information is 
needed on kokanee spawning sites and patterns within the reservoir, but based 
on my preliminary results, near-shore harvest activities should decrease between 
September and December to avoid disruption of kokanee migrations, and 
harvesting near potential kokanee spawning areas should be prohibited between 
September and December. If further management strategies for kokanee are to 
be employed on the Nechako Reservoir, such as a fertilization project, it should 
be well researched before proceeding. 
An important question that needs to be addressed is the ability of the fishes in 
the Nechako Reservoir to survive and adapt to further severe changes to their 
ecosystem. Extensive harvesting of the lakes and construction of a cold water 
release facility at Kenney Dam are actions that may put fish under severe stress 
due to drastic ecosystem change. Any further perturbations to this system should 
be approached with caution and potential impacts to the reservoir's fish 
population should be considered. 
This study has provided a basis of knowledge on which to build, and several 
possibilities for future research have been suggested throughout the text. Any 
conclusive assessment of long-term impacts of harvesting on the fish distribution 
patterns in Ootsa Lake will require consistent monitoring over a longer period of 
time. 
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Figure A.1. Relationship between log1olength and log10weight of rainbow 
trout in a) treed b) harvested and c) open habitats in Ootsa Lake, BC (July-
October, 1998). p<0.001 for all habitats. 
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Figure A.11. Comparison of frequency of occurrence of food items for a) rainbow 
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category item present in the stomach contents. 
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Figure A.12. Comparison of mean percent composition by number of food items for 
a) rainbow trout b) kokanee and c) northern pikeminnow in each habitat sampled in Ootsa 
Lake, BC (July- October, 1998). 
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Figure A.13. Comparison of mean percent composition by number of aquatic insects 
and terrestrial spiders in diet of a) rainbow trout b) kokanee and c) northern pikeminnow 
in each of the habitats sampled in Ootsa Lake, BC (July - October, 1998). 
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